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Effects of substrate color on the body color variation of two agamid liz-
ards, Phrynocephalus versicolor and P. frontalis

Haojie Tong", Kailong Zhang', Yuhang Liu', Lixun Zhang? Wei Zhao?, Yuanting Jin'"

1 College of Life Sciences, China Jiliang University, Hangzhou 310018

2 College of Life Sciences, Lanzhou University, Lanzhou 730000

Abstract: Geographical variation of body color is widely present in reptile populations that survive in dif-
ferent substrate habitats, multiple potential mechanisms can account for this color variation. Phrynocephalus
versicolor and P. frontalis, close genetic relatives, constitute a phylogenetic species group together with P.
przewalskii. In this study, a fiber spectrophotometer (AvaSpec-2048) was used to record the skin luminous
reflectivity of 12 sites across the lizard’s body, and we quantitatively compared the natural color variation of
dark P. versicolor and light P. frontalis that lived in “melanistic” and “non-melanistic” habitats, respectively.
We aimed to determine whether the color variations of both populations were time reversible, and further
discuss potential mechanisms that substrate color may have on color variation of Phrynocephalus lizards.
Our results showed that the body color of P. versicolor in “melanistic” habitat was significantly darker than P.
frontalis in the “non-melanistic” withered yellow habitat. We also conducted a reciprocal transplantation ex-
periments (i.e. “non-melanistic” withered yellow P. frontalis individuals were transplanted and fed in
“melanistic” substrate environment, while “melanistic” P. versicolor individuals were transplanted and fed in
withered yellow substrate environment). For “melanistic” P. versicolor, the skin reflectivity of six sites in-
creased significantly after one week, while no significant changes were detected in other sites. For
“non-melanistic” P. frontalis, except the skin reflectivity of two sites (left hind limb and top right on the
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back) significantly changed, compared to corresponding values one week previously, other sites showed no
significant changes. Our results suggest that P. versicolor possesses stronger color variation ability than P.
frontalis, and the color phenotypes are likely inherited in both species. Short-term changes of substrate color
can cause slightly color variations that are difficult to distinguish by naked eyes, suggesting ontogeny related

hereditary factors may also play a controlling role.
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Fig. 1 Body color of lizards and the selected sites for color measurement. (A) “Melanistic” P. versicolor were collected from black
substrate habitat (above), “non-melanistic” P. frontalis were sampled from withered yellow substrate habitat (below); (B) M1-12
represent twelve color measuring sites for each lizard, including cranial center (M1), top left on the back (M2), top right on the back
(M3), left side on the central back (M4), right side on the central back (M5), bottom left on the back (M6), bottom right on the back
(M7), left forelimb (M8), right forelimb (M9), left hind limb (M10), right hind limb (M11), and tail root (M12).
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Table 1 Mean values of reflectivity of each site for both “melanistic” P. versicolor and “non-melanistic” P. frontalis

el A e AL B FE VDT “Non-melanistic” P. frontalis AR YD “Melanistic” P. versicolor

Sites FRES ETEN IR 0% FAEN BTN FIR 10K
1st day 8th day 9th day 10th day 1st day 8th day 9th day 10th day

M1 1.89+0.18 2.10+0.19 2.18+0.22 2.31+0.20 0.27+0.05 0.45+0.08 0.29+0.06 0.38+0.07

M2 2.23+0.18 2.57+0.16 2.87+0.22 2.72+0.20 0.40£0.05 0.75+0.09 0.82+0.09 0.75+0.09

M3 2.52+0.19 3.24+0.23 3.20+0.18 3.12+0.23 0.48+0.05 0.95+0.11 0.83+0.11 0.83+0.11

M4 2.20+0.18 2.42+0.18 2.42+0.24 2.40+0.17 0.29+0.03 0.55+0.06 0.64+0.08 0.60+0.08

M5 2.48+0.16 2.27+0.18 2.25+0.16 2.27+0.15 0.44+0.07 0.72+0.09 0.65+0.07 0.58+0.06

M6 2.37+0.15 2.30+0.15 2.51+0.16 2.96+0.26 0.39+0.05 0.68+0.09 0.73+0.10 0.61+0.08

M7 2.60+0.18 2.37+0.17 2.60+0.19 2.52+0.17 0.41+0.05 0.74+0.13 0.66+0.07 0.66+0.08

M8 2.83+0.37 2.83+0.27 2.81+0.34 1.99+0.17 0.58+0.15 0.53+0.09 0.59+0.18 0.62+0.17

M9 2.83+£0.29 2.57+0.33 2.78+0.41 2.61+0.47 0.47+0.16 0.59+0.14 0.54+0.07 0.48+0.07

M10 2.21+0.29 1.67+0.25 0.99+0.13 0.93+0.13 0.18+0.03 0.22+0.06 0.19+0.02 0.21+0.06

M11 2.23+0.26 2.72+0.42 1.87+0.24 1.96+0.27 0.24+0.05 0.28+0.04 0.22+0.03 0.45+0.16

M12 3.82+0.40 3.56+0.38 3.38+£0.45 3.09+0.31 0.64+0.11 0.72+0.08 0.96+0.20 1.16+0.25
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Table 2 Paired t test analyses on reflectivity for each site in lizards before and after transplantation

Ko AL AR JFE VST “Non-melanistic” P. frontalis HALRAR YD “Melanistic” P. versicolor

Sites i Rvs ek LAV RO BLRVSHI0K  SLIAVSIHBA F1Fvs BOF F1Fvs 10K

1st day vs. 8th day

1st day vs. 9th day

1st day vs. 10th day

1st day vs. 8th day

1st day vs. 9th day

1st day vs. 10th day

tys = 1.660, P = 0.108
tps = 3.598, P = 0.001"
tp; = 4.385, P < 0.001"
tys = 3.669, P = 0.001"
tys = 2.473, P = 0.020"
tyy = —2.686, P = 0.012"
tg = —2.472, P = 0.020
t;6 =—0.527, P = 0.606
t;7 =—0.208, P = 0.838
t16 = 0.639, P = 0.533
t16 =0.349, P = 0.733
tie = 1.428, P =0.175

tys = 1.659, P = 0.109
tp; = 4.297, P < 0.001"
tp7 = 3.051, P = 0.005"
tyy =3.749, P = 0.001"
tys = 2.205, P = 0.036"
trs = —3.366, P = 0.002"
tog = —2.891, P = 0.007"
t16 =—0.396, P = 0.698
t;7 = 0.005, P = 0.996
t16 = 0.046, P = 0.663
ti6 =—0.405, P = 0.691
ti6 = —1.847, P = 0.086

tyy = 1.646, P = 0.112
tp7 = 3.099, P = 0.005"
tp7 = 2.995, P = 0.006"
tyy = 3.438, P = 0.002"
t;7 = 1.611, P =0.119

tr3 = 2.248, P =0.035
ty7 = 2.686, P =0.012"
t;6 =—0.100, P = 0.922
t;7 =—0.229, P = 0.822
ti6 = 0.564, P = 0.582

ti6=—1.018, P = 0.372
ty6 = 2.235, P = 0.051

M1 tis=1.085, P =0.287 t;=1.346,P=0.189 ty = 1.742, P = 0.093
M2 tis=1.382, P =0.178 t=1.724,P=0.096 ty =1.990, P = 0.057
M3 tpg = 2.376, P =0.025" t; =3.773, P =0.001" t,; = 1.828, P =0.079
M4 tg=0.741, P =0.465 ty;=0.530,P=0.600 ty =0.515 P =0.611
M5 tog = —0.644, P = 0.525 ty3 =—-0.909, P = 0.372 t,; =—-1.476, P = 0.152
M6 tyy =-0.348, P = 0.731 ty =0.467, P = 0.644 ty = 1.593, P = 0.126
M7 tps =—-1.010, P = 0.321 ty3 =—0.383, P =0.705 ty; =-0.759, P = 0.455
M8 tys =—0.068, P = 0.947 t;=-0.111, P =0.913 t;5=-1.789, P =0.095
M9 t7=0.059, P =0.954 t;;=0.552, P =0.589 t;;=0.126, P = 0.902
M10 tie =—1.477,P = 0.162 t;g=—4.168, P =0.001" t;c =—4.049, P =0.001"
M11 ti6=1.092, P =0.293 t;=-0.899, P =0.384 t;5=-0.259, P =0.799
M12 ty =—0.261, P = 0.798 t;5=-0.605, P =0.555 t;5=-1.630, P =0.125
"P <0.05.
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Zhy ik C AR S AL 32 A A B A 0 AR S A

FIMI0) ) K Jok ot I 5 2 e b ik A 35 A8 4k,
AR AL S S T E AR . AR — SRR AAT SE it

Z5, EMHEAEARRORRREEET RN, £ 5

REER,
3 g
AT T 45 TR0, DAk A 5 T 70 £ v it

R E R T AR B 0D A R A A
JEb e A L AR A SR AR A5 R R, A IRL
F e, RRACRRET 6 A R I AL (M2-MT) [ %
SPRGEHE B T, HAh A e B E AR T
R BT RE R A W A L7 R S B2 AN AL (M3
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TEA A EE bR P R A8 Ak, e A8 78 46N ) A DT A
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WAk, BRI, 15N 9 B A A S
ORI EE RIS, RO Y MR R AR
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%)(Cooper & Greenberg, 1992). bEHI ALY, 5
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